Introduction
In 1999, 13% of children aged 6-11 y and 14% of adolescents aged 12-19 y in the United States were overweight (over 85th percentile from the NCHS Growth Charts, 2000). The prevalence of overweight has nearly tripled for adolescents in the past two decades. 1 Overweight and obesity affect all racial groups and both sexes, but higher rates are found in minority women and Mexican-American men. 2 In the northern region of Mexico, in 1999, 35% of the children aged 6-11 y were over the 85th percentile body mass index (BMI) from NCHS. The greatest prevalence of overweight and obesity existed in the youngest children, who were 5 (44%) and 6 (46%) y of age. On the other hand, in the southern and rural regions of Mexico the prevalence of overweight and obesity in children of the same age was lower (22%). 3 National samples of African-American, Hispanic, and white children in the USA suggest that white children are at lower risk for overweight than are African (AA) or Hispanic-Americans (HA). 4 Childhood obesity does not seem to be associated with parental income and education. 4 A review of selected studies on the prevalence of overweight and obesity in American Indians, from 1981 to 1998 has shown 29% of Navajo and 40.4% of Pueblo Indian children 9-13 y of age were over the 85th percentile. The National American Indian survey reported a prevalence of 39% for overweight and obesity in children between 5 and 18 y of age. 5 Health consequences of childhood obesity include a higher prevalence of type II diabetes, high blood cholesterol levels and elevated blood pressure. Hispanics in general, and Mexican Americans in particular, are affected with type II diabetes several times more frequently than the general population, [6] [7] [8] American Indians are also more susceptible to diabetes, coronary heart disease and high blood cholesterol. 9, 10 In Mexico, the prevalence of diabetes is higher in states (Oaxaca, Chiapas, Puebla, and Guerrero) with the highest population of Mexican Indians. 11 Childhood obesity may suggest high-risk dietary and physical activity practices. In Baja California, fifth and ninth grade students have a low consumption of fruits and vegetables and a high consumption of high-fat snacks and soft drinks. 12 Increase in unemployment and lowering of wages led thousands of indigenous people in the Mexican countryside to join the migratory flow towards the US. 13 Indian migration became massive from south to north and from rural to urban areas in the mid-1980. Tijuana is considered one of the main places maintained as an intermediate destination.
Its location on the Mexico-US border allows crossborder mobility for some family members, to travel between the agricultural fields in northern Mexico and southwestern United States. Although these recent migrants live under precarious conditions in Mexico and the USA, they have more access to food than they did in their original communities. Nevertheless, food insufficiency and hunger may coexist with the presence of obesity. To our knowledge, there has not been a study that explores this relationship among Indian migrant children in Mexico. The purpose of this study was to assess the prevalence of overweight, obesity, undernutrition and hunger among migrant children in a city on the USMexican border.
Methodology
Setting Baja California (known as Baja) is the northwestern-most Mexican state and it borders the US state of California. According to the 2000 census, 14 Baja has approximately 2 480 000 residents and a strong economic relation with the USA. A total of 34% of the population is younger than 14 y of age. In Baja, 37 685 (1.5% of the total population) of the residents older than 5 y speak a native Indian language. Most of them (38%), speak Mixteco, and they are mainly migrants from the state of Oaxaca, a southern Mexican state. Tijuana is the largest county in Baja California accounting for 50% of the Baja population. 14 Tijuana is the name of both the county and the largest city in that county.
Subjects
During the 2000-2001, the number of students enrolled in primary education in Tijuana was 153 221. 14 In the state of Baja, there is the Indian school system as part of the public school system. During the 2001-2002, 2226 students in seven schools in Tijuana were enrolled in the Indian school system. Six schools agreed to participate, thus making the total number of the population 1767 students. Children from the first to the fifth grade in the five schools were included in the study.
Data collection
The interviewers, all students (one was from the Master of Nutrition program, five were from Medical School and one was an undergraduate from Psychology) from the Autonomous University of Baja California in Tijuana, were trained in making anthropometric measurements and conducting interviews. Before the data were collected from the children, all the interviewers were trained at one central location. A separate reliability study was performed after training. All trainees measured four children (two sets of two children randomly assigned to each pair of observers) to assess interobserver measurement reliability. Interobserver reliability of height (cm), weight (cm) and waist circumference (cm) were 0.982, 0.991 and 0.891, respectively. All data were double checked and captured by another student. 
Anthropometric measurements

Hunger
The trained research assistants collected data by interview. The interviews were conducted on the third and fifth grade students in the classroom. All children were asked the same question at the same time and in the same class. The children answered the questions as they sat in their chairs, without surveillance from either interviewers or their teachers. The Community Childhood Hunger Identification Project questions, 17 were translated and adapted for Mexican children. Children were classified as 'hungry' if they responded affirmatively to five out of five questions, and as 'at risk for hunger 'if they responded positively to one or as many as four of the five food insufficiency (FI) questions.
The following questions were asked about the past 12 months; (1) Did your household ever run out of money to buy food to make a meal? (2) Did you ever eat less than you felt you should because there was not enough money to buy food? (3) Did you ever tell your parent(s) that you were hungry because there was not enough food in the house?
Obesity and hunger among Mexican-Indian children A Jiménez-Cruz et al (4) Did you ever go to bed hungry because there was not enough money to buy food? (5) Did you ever cut the size of your meals or did you skip meals because there was not enough money to buy food? The reliability of the questionnaire was assessed with a coefficient alpha Cronbach's test. 17 This questionnaire was applied a second time, 3 months after the first interview to 189 children at two schools to test-time-to time reproducibility of the Hunger scale. 18 The Spearman correlation coefficient test was performed to assess of time-to-time reproducibility of each item in the hunger scale. The agreement between time to time in the classification of hunger was assessed by classifying those with exact agreement in both times, with partial agreement when the responses were closely related and disagreement, when their responses were on the opposite sides. The agreement test was assessed using a w 2 goodness-of-fit test with 2 d.f.
Food consumption
The interviews were carried out in the third and fifth grade students in the classroom. Children were asked to recall the previous day consumption. The first consumption recorded was the first food or drink after awaking up, then the children were asked to recall every food and drink after that until they went to bed. An interviewer assesses them to recall their consumption in servings (food replicates and household measurements were used to show servings) and answer the questions from the students in standardized fashion. Serving sizes used were those recommended by the Manzana de la Salud ( Figure 1 ). The Manzana de la Salud is an illustrated dietary guideline designed by the Instituto de Nutrició n de Baja California to persuade Mexicans in the northwestern part of Mexico to meet the nutrient recommendation; 19 quantitative and qualitative evaluation of the Manzana de la Salud has been done in healthy women from different socioeconomic backgrounds, 20 and in Mexicans with type II diabetes in San Diego and Tijuana. 21 The Apple of Health guideline shows three main meals a day that include at least one group of foods (grains, fruit, vegetables, milk and its derivatives, and meat and meat alternatives) in each meal ( Figure 1 ). The program included 2 h of training on how to use the Manzana de la Salud, the food serving sizes and a brief discussion of how to design the menu. In addition, research assistants translated the food serving size recorded by the children to the serving sizes recommended. This process was double checked by two different research assistants.
Statistical analysis
Analyses were conducted using the Statistical Program for Social Sciences (SPSS) computer package for personal computers, for Windows version 10.0. The Z-scores and percentiles for each child for weight-for-age, height-for-age and BMI-for-age were also calculated using the parameters proposed by NCHS/CDC growth charts 2000. Z-score o 2 cutoff points was used to classify undernutrition. To test the hypothesis of differences in distribution of overweight and obesity between boys and girls, and among ages and ethnic groups, w 2 -tests were performed.
Foods were grouped into the five main food categories. Results were compared to the standard (Apple of Health) using daily-recommended servings of grains (six or more), fruits (two or more), vegetables (three or more), milk and its derivatives (three or more), and meat and meat alternatives (two or more). 12, 20 To test differences in distribution of minimum consumption of servings from each food group among age groups Kruskal-Wallis tests were performed. To test differences in distribution of minimum consumption of servings from each food group among sexes a nonparametric Mann-Whitney U-test was performed.
Results
General characteristics
The participants were 1271 children (623 girls and 644 boys) between 5 and 14 y of age. Children younger than 6 or older than 12 y of age were excluded. The final population contained 1200 children (593 girls and 607 boys). In all, 893 families spoke Spanish predominantly at home (80%), 220 (20%) families spoke Mixteco and six spoke Mazahua at Obesity and hunger among Mexican-Indian children A Jiménez-Cruz et al home. The distribution of age and sex of the participants is shown in Table 1 .
Overweight and obesity and abdominal obesity
The highest prevalence of overweight and obesity was found in 6-to 8-y-old children. Thereafter, the prevalence declined until the children were 10 y of age, at which point there was a rise again in the prevalence ( Table 2 ). The same pattern exists in boys, but not in girls, who show a very high prevalence (58%) of overweight at 6 y old; however, the prevalence is at least 20% less in girls of all older age groups (Table 3) . On the other hand, the prevalence of children with abdominal obesity (27%), increases with age in both boys and girls (Table 4) .
Undernutrition
The prevalence of undernutrition was: (1) 1.2% (17 children 7-12 y old). According to weight-for-age was (Table 5) , (2) 0.8% (17 children) from BMI for age and (3) 4.8% (71 children 6-12 y) by height-for-age (Table 6 ). The 4.8% (71 children 6-12 y) prevalence of chronic undernutrition (height-for-age) increased with increasing age in years (Table 7 ). According to height-for-age Z-scores, the number of children with Z-scores of -2 was 36 (6.8% of all children); only two (5.6%) of them were over 80th percentile for waist circumference; however, of the children with Z-score +2 or more, 67% of them were over 80th percentile for waist circumference (P ¼ 0.0001). On the other hand, 72 children were at lower than 5th percentile for height-for-age, and five (3.2%) were over the 80th percentile for waist circumference; 43 children were over the 85th percentile of height-for-age, and 28 (18%) of them were over the 80th percentile for waist circumference (P ¼ 0.0001). In all, 72 children were below the 5th percentile of heightfor-age, and 12 of them (17%) were also above the 85th percentile for BMI; and 30 out of 43 children with height-forage over 85th percentile were over the 85th percentile for BMI (P ¼ 0.0001).
Hunger
The reliability testing of the hunger questionnaire conducted on third and fifth graders was completed by 189 of 595 children. Alpha Cronbach's reliability test was 0.77. The result of the second application reliability test produced a coefficient of 0.64. Results show exact agreement for 73% of the subjects, partial agreement was found for 25% of the subjects and no agreement was found for 2.6% of the subjects (Po0.001). Based on the results of the first interview, the prevalence of hunger for the whole population was 2.5% (responded affirmatively at five out of five questions), Obesity and hunger among Mexican-Indian children A Jiménez-Cruz et al 44% were at risk of hunger category (responded affirmatively from one to four questions) and 53% were found to be at no risk for hunger (responded negatively to all questions). Overall, 46.5% of children were either at risk of hunger or with hunger. There was no association of hunger or risk for hunger with gender. Children at the lowest percentiles have the highest prevalence of risk for hunger (Table 8) .
Food consumption
Dietary intake data were collected by a modified 24-h recall method from 547 third and fifth grader children; 309 boys (56%) and 247 girls (44%) completed the questionnaires. Daily mean intake of grains was 8.775.5; daily mean intakes of fruits was 1.272.0 servings; daily mean intake of vegetables was 1.071.3; daily mean intake of milk and milk derivatives was 2.171.8 servings; and daily mean intake of meat and its derivatives was 2.672.9 servings. On the other hand, daily mean intake of sweets was 2.072.3 servings. Five (0.9%) children consumed the minimum recommended number of servings of all groups. Only one out of 547 children (Table 9 ) consumed the Apple of Health recommended servings. There was no statistical difference in consumption of servings from each food group between sexes or among age groups.
Discussion
The results of this study demonstrate simultaneous coexistence of obesity, hunger, undernutrition and limited food group consumption among Indian children living in a large, prosperous US-Mexico border city. The high (38%) prevalence of obesity is similar to the prevalence found in the NHANES II for American Indians between 1976 and 1980. However, the prevalence found in this population is slightly higher than the prevalence of obesity (35%) for the same age group in the northern region of Mexico from a Mexican survey conducted during 1999. 3 The parents of the children living in Tijuana were born in rural areas of southern Mexico, where the prevalence is reported to be 22%. Thus, the prevalence of obesity among these children in Tijuana is almost twice as large as its prevalence among the children of their relatives living in the southern rural areas of Mexico. The prevalence of obesity is also more than double than the already high prevalence of obesity found in four Mexican rural communities. 22 On the other hand, different trends emerge with age in the prevalence of overweight and obesity according to BMI or high truncal fat. In the former, there is a Obesity and hunger among Mexican-Indian children A Jiménez-Cruz et al high prevalence in 6-to 8-y-old children, followed by a slight decrease with an upward inflection again after the children are 10 y old, while in the latter, there is a reduction of the high truncal fat prevalence until the age of 12. These results might be the result of different phenotype characteristics of these Indian children, suggesting that different health risks may not have been evaluated. Other authors have suggested that in countries where maternal and child malnutrition exists alongside rapid economic development and urban migration, abdominal obesity and related chronic diseases are likely to increase. 23 The greatest prevalence of overweight and obesity among the youngest children might also be the result of low health care and food intake during prenatal care. Parents of these children migrate from areas with high prevalence of undernutrition; therefore, mothers may have had a higher risk for undernutrition during gestation. In addition, higher incomes while living in Tijuana, increases in the availability of food and also greater accessibility to health care, result in reduced infant mortality. This trend is challenging the health-care system, which has to cope with large numbers of obese people. Consequently, appropriate measures to prevent and control obesity are urgent in both migrant and Indian children. On the other hand, the highest prevalence of obesity in the youngest children is consistent with the period of adiposity rebound that occurs between ages 5 and 7 y, immediately after BMI reaches a nadir. [24] [25] [26] A high BMI at rebound predicts an increased BMI in early adulthood. 24 A relation between SES of origin and adult obesity has been shown to exist, in which those individuals from lower SES backgrounds were fatter subsequently in adulthood. However, there are some confounding factors, such as parental body size and environment in early life. 25 Nonetheless, the high prevalence of obesity in these children may predict an increased level of obesity in adulthood, in a population already afflicted with a high rate of obesity. Furthermore, Hispanic children are at the highest risk of overweight in adulthood. 24 The association between height-for-age with waist circumference suggests that abdominal obesity in these children is the result of overconsumption of energy. In addition, the association of risk for hunger with BMI in boys and girls also suggests that overweight and obese children are exposed to or have the greatest availability of high-density foods, while stunted children more often encounter a lack of food.
Clinical and economic implications of obesity have been documented. Overweight and obesity in childhood raises the risk of adult obesity, hypertension, dyslipidemia, type II diabetes, coronary heart disease, stroke, gallbladder disease, osteoarthritis, sleep apnea, etc.
5,27-30 Some efforts have been conducted to cope with this public health problem in developed, developing countries and American Indian Children. 28, 30, 32, 33 Some of these interventions were successful after a 10-y follow-up. 34 It has also been reported that high-risk groups are often economically disadvantaged subpopulations, and include Native Americans, AfricanAmericans and Hispanic populations. 34 In Mexico, natives and migrants are usually left outside of the health-care benefits. In Indians this is the result of a long history of discrimination, illiteracy and the fact that they live in rural and isolated areas. Migrants, as they are not integrated into the formal labor activities, are not eligible for benefits from the social security system. Additionally, the Indian school system does not have the teaching infrastructures that other public schools have. Therefore, there are no comprehensive nutrition and obesity prevention programs to address the needs of Indian children in Mexico. Additionally, urban areas usually provide fewer physical activities and the schools do not have infrastructure for physical activities. There is lack of leisure spaces. Also adaptation to an urban, non-Indian community might lead to stress and depression. High consumption of soft drinks and high-fatcontaining foods, for example, French fries as well as low consumption of fruits and vegetables has been reported among school children in Tijuana and Baja California in both rural and urban areas. 12 The prevalence of undernutrition in this population is similar for weight-for-age and height-for-age to that reported in a recent National Nutrition Survey for the northern region of Mexico. Data have suggested that better living conditions decrease undernutrition in the second generation, but allow the coexistence of obesity and undernutrition as it has been reported in other developing countries. 35, 36 Thus, this Obesity and hunger among Mexican-Indian children A Jiménez-Cruz et al population urgently requires comprehensive nutrition programs, which address all of the problems: (1) food insecurity, undernutrition and insufficient consumption of fruits, vegetables and milk, through government financed breakfast; (2) prevention of obesity programs with parental involvement, through nutrition education and promotion of physical activity; and (3) availability of areas for physical activity. The Apple of Health is a nutritional education tool to address undernutrition, nutrient specific deficit and overweight and obesity. Its effectiveness should be evaluated from a massive campaign. The high prevalence of children who reported having responded positively to items related to food insecurity, hunger or at risk of hunger (46.4%) is astonishing. Children who are obese not only reported high consumption of highfat containing snacks and soft drinks, but also they have experienced shortage of money to buy or consume foods. Results from nine states and the District of Columbia by the Community Childhood Hunger Identification Project (CCHIP) provide an estimate of 8% of the children under the age of 12 in the USA experience prolonged periods of food insufficiency and hunger and an additional 21% are at risk of hunger. 18, 36 However, in children from the lowest income families, as many as 21% of children were found to be hungry and an additional 50% were classified as at risk for hunger, which suggested that at least two thirds for the poor children in the USA have had at least one experience of food insufficiency/hunger in the previous year. In this study, the family income was not assessed; however, both urban and rural Indians are usually at the bottom of the income levels, but succeeding generations were generally better off than their parents in rural areas. In addition, these children were seen at schools, since many children do not attend school because they have to 'work', the overall prevalence of hunger or at risk of being hungery among urban Indian children might be higher. In addition, this report could not be compared to others in Mexico because, in our understanding, this is one of the few reports on food insecurity generated by interviewing Mexican children. Furthermore, when children were asked about their food intake of the previous day, less than 1% had the minimum number of portions of the five groups of food recommended by the Apple of Health. In all, 35% met the minimum requirements of grains, 33% of fruits, 17% of vegetables, 13% of milk and milk derivatives and 21% of meat and its derivatives. While the overall consumption of fruit is higher, the consumption of vegetables is lower than that reported in a Baja State survey conducted during 1996-1997. 12 Moreover, the consumption of grains, milk and meat was much lower than that reported in rural and urban fifth grade children in the former study. The former study was conducted with a food frequency questionnaire, 37 which could have overestimated the food portions and consumption. On the other hand, these results show that a population with high prevalence of obesity and abdominal obesity coexisted with high prevalence of periods of food insufficiency and low consumption of all of the food groups. Therefore, among the migrant Indian children in urban areas, undernutrition and hunger occur; nevertheless, a high rate of obesity and nutrition-related diseases also exist. The current poverty transition is costing the whole community even more as it intensifies rates of chronic diseases (coronary heart disease, diabetes, hypertension, hypercholesterolemia, etc), stresses the health-care and educational systems, and finally alters the economy of the whole country. We highly recommend efforts toward comprehensive policies, including a breakfast program in the Indian education system, nutrition monitoring at the schools and family culture based education programs at school level of the Indian school system.
